Chitinase Inhibitory Assay, Screening. Loculoascomycete Metabolites A convenient method for preparing a stable chitinase solution from a pest insect. Spodopt era litura, and a bioassay method for insect chitinase inhibitors using this enzyme solution were developed. Allosamidin, the first insect chitinase inhibitor, exhibited an IC50 of 0.2 [.im in the present Spodoptera litura chitinase assay, whereas allosamidin was reported to exhibit an IC,,) of 0.7 [ i m in the Bombyx mori chitinase assay. Thus, the present assay using Spodopt era litura chitinase was 3.5-fold more sensitive than the B. mori chitinase assay. Screening of 300 supernatants of microbial cultures for chitinase inhibitors using the Spodoptera litura chitinase assay found 13 active supernatants.
Introduction
For sustainable agricultural production, the d e velopm ent of selective and b io rational insect grow th regulators which are environm entally gen tle is desired.
M olting, a physiological p h en o m en o n c h a rac ter istic of insects, is one of the targets of selective regulation of insects. C om pounds inhibiting m olt ing are expected to be ineffective against n o n m olting creatures. These com pounds m ay be found m ore precisely and intensively by an inhibi tory assay of m olting enzym es than by an in vivo assay of insect ecdysis inhibition.
D uring molting, insects use chitinase to degrade chitin of the old cuticle to TV-acetylglucosamine, from which they sim ultaneously synthesize the chi tin of a new cuticle by chitin synthase. T herefore, inhibitors of chitinase or chitin synthase should in hibit insect cuticle form ation. Several com pounds, such as nikkom ycin and polyoxins, are know n as chitin synthase inhibitors, but only allosam idin and its related com pounds (Isogai et al., 1989; Nishim oto et al., 1991; Sakuda et al., 1986 Sakuda et al., , 1987a Sakuda et al., , 1987b are know n as chitinase inhibitors. To find novel insect chitinase inhibitors, a num ber of m aterials need to be screened efficiently by a sim ple bioas say using a stable insect chitinase solution. Sakuda et al. (1986) developed an insect chitinase inhibi tory assay using Bombyx mori chitinase and used it to isolate allosam idin, the first insect chitinase inhibitor. The chitinase solution used in the assay was prepared from laboriously excised alim entary canals of Bombyx mori pupae (Sakuda et al., 1987a) .
In the present study, we have developed a sim ple procedure for the preparation of a stable crude chitinase solution from the whole body of a pest insect, Spodoptera litura, which was not used b e fore as a source of chitinase. We also describe a convenient and rapid screening m ethod for chi tinase inhibitors using this enzym e solution.
Materials and Methods

Chemicals
Colloidal chitin was prep ared from pow dered chitin treated with conc. H 2 S 0 4 (Jeuniaux, 1958 (Jeuniaux, , 1966 . Allosam idin was a gift from Dr. S. Sakuda. All o ther chemicals were com m ercially available.
Spodoptera litura for enzyme preparation
Eggs of Spodoptera litura were supplied by the R esearch C enter of M itsubishi Chem ical C o o p e ra tion. Y okoham a, Japan. Larvae were reared on an artificial diet, Insecta LF (N ihon-N ousan Kogyo, 0939-5075/96/0900-0738 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. D Y okoham a, Japan) at 25 °C u nder 16-h light and 8 -h dark conditions. Insects w ere collected at various stages as follows. a) Sixth-instar larvae just after exuviation: Fifthinstar larvae w ere tran sferred to 9-cm petri dishes (one larva p e r dish) containing the artificial diet on a piece of filter p a p e r (No.2, A dvantec Toyo K aisha, Tokyo, Japan). The grow th of the larva was checked every m orning and evening. The sixth-instar larva just after exuviation was detected by a new slough on the filter paper. b) Sixth-instar larvae in the w andering stage: These w ere the larvae th at w ere leaving the diet and getting into the p e a t moss (C anadian Suprem e Products, N ew Brunsw ick, C anada).
c) P h arate pupae: T hese w ere sixth-instar larvae th at had shrunk in body length to about 2.5 cm in the peat moss.
d) Young pupae: T hese were the p upae just af ter pupation.
A fter collection th e above insects w ere stored at -80 °C until p rep aratio n of the enzym e solution.
Preparation o f a stable S. litura chitinase solution
P rep aratio n of the enzym e solution was carried out at te m p e ra tu res betw een 0 and 4 °C. Ten g of the insect tissue was hom ogenized in a buffer (see below ) containing 0 .0 1 % phenylthiourea in a m or tar. The h o m o g en ate was filtered through gauze and the filtrate was centrifuged at 2 0 , 0 0 0 x g for 30 min. The su p e rn a ta n t could be used directly as the enzym e solution, but ultracentrifugation at 200,000 x g for 15 m in was found to m ake the solu tion m ore stable.
Chitinase assay
The chitinase activity against colloidal chitin was d eterm ined by a turbidim etric m ethod (Yabuki et al., 1986) To determ ine the optim um pH of the enzym e reaction, the chitinase activity was m easured in citrate-p h o sp h ate-b o rate buffers of different pHs.
The enzym e activity in buffers having a pH higher than 6.5 was d eterm ined by the m ethod described above. Below pH 6.5, the activity was determ ined by the increase in the am ount of reducing sugar, because the activity could not be d eterm ined by the turbidim etric m ethod due to deep turbidity of the m ixture. The am ount of reducing sugar in the su p ern atan t of the reaction m ixture before and af te r incubation for 60 min at 37 °C was determ ined by Schales' p ro ced u re with som e m odifications 
Fermentation o f microorganisms
O ne hund red and fifty strains of Loculoascom ycetes were cu ltured at 28 °C for 7 days on a rotary shaker at 210 rpm in 2 different m edia, A and B. M edium A contained 4.0% glutinous starch syrup, 2.0% soyaflour, 1.0% P harm am edia, 0.5% Sungrain, 0.3% soybean oil, 0.5% C a C 0 3, 0.001% F e S 0 4 H 2 0 , 0.001% C oC l2 -6H 2 0 , and 0.0001% N iCl2 -6H 2 0 . M edium B contained 2.0% corn starch, 0.5% Pharm am edia, 0.1% Stam inol, and 1.0% C a C 0 3. The supernatants of the culture broths were tested for chitinase inhibitory activity.
Results and Discussion
Establishment o f measurement conditions fo r en zym e activity
Since the optim um pH value of chitinase varied with its sources, the most suitable pH value for experim ents using S. litura chitinase was exam ined. The highest activity was d etected w hen citrate-phosphate-borate buffer of pH 7.0 was used as an extraction buffer (Table I ). F urth erm o re, the optim um pH of the chitinase reaction was pH 7.0 (Fig. 1) . These results indicated that the citratephosphate-borate buffer of pH 7.0 was suitable for both extraction and reaction of the chitinase. T herefore, this buffer was adopted for the subse quent experim ents.
The chitinase activity in the su p ern atan t d e creased to 10% of its original value after 24 hr at 4 °C. However, ultracentrifugation of the superna-0.15- Table I tan t m aintain ed th e activity for m ore than a week even at 4 °C. T he enzym e solution could be m ore effectively sto red at -80 °C; 100% activity was re tained for at least one m onth (Fig. 2) .
The m ost suitable developm ental stage of S. li tura for the enzym e preparation was also studied.
A m ong the various stages tested (see M aterials and M ethods), ch itin ase activity p er head was the highest in the young pupa (Table II) . Thus, young pupae w ere used as a m aterial for a stable enzyme solution with high activity. 
Inhibitory assay against S. litura pupa chitinase
The presen t chitinase inhibitory assay using col loidal chitin as a substrate could be perform ed in a short tim e (less than 1 hour). In contrast, a previ ous chitinase inhibitory assay using y-chitin red as (Sakuda et al., 1987a) show ed that the present S. litura chitinase inhibitory assay was 3.5-fold m ore sensitive th an the B. mori chitinase in hibitory assay.
T herefore, the present assay w ould possibly d e tect m ore com pounds than the B. mori chitinase inhibitory assay.
Screening o f microbial cultures fo r insect chitinase inhibitors
Assays of su p ernatants of 300 cultures of 150 m icrobial strains (100 pi each) revealed 13 sam ples 
